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1. Overview of Process

This Manual explains the requirements for approval of Alternative Calculation Methods (ACMs) used to
demonstrate compliance with the Energy Efficiency Standards for nonresidential buildings, hotels & motels,
and high-rise residential buildings. The approval process for nonresidential Alternative Calculation Methods
(ACMs) is specified in Title 24, Part 1, Chapter 10, Sections 101-110 of the California Code of Regulations.
Nonresidential Alternative Calculation Methods (ACMs) are used in the performance approach to demonstrate
compliance with the Energy Efficiency Standards for nonresidential buildings as outlined in Title 24, Part 2,
Chapter 1, Section 141. The Energy Commission develops and implements the Energy Efficiency Standards.

The purpose and policy of this ACM Approval Manual is to specify the California Energy Commission approval
process for nonresidential ACMs and to define the assumptions and procedures of the reference method
against which ACMs will be evaluated. The performance compliance requirements and procedures apply to
nonresidential buildings, hotels & motels, and high-rise residential buildings. A separate ACM Approval Manual
addresses low-rise residential buildings. The procedures and processes described in this manual are designed
to preserve the integrity of the performance compliance process.

The reference procedures and method described in this manual establish the basis of comparison for all ACMs.
The approval process ensures that a minimum level of energy efficiency is achieved regardless of the
Alternative Calculation Method (ACM) used. This is accomplished

e by having candidate ACMs pass a series of Reference Method comparison tests,

e by specifying input which may be varied in the compliance process for credit and which inputs are fixed or
restricted

e by defining standard reports output requirements, and

e by ACM vendor-certification to the requirements in this manual.

The reference calculation engine includes reference procedures described in this manual and the reference
computer program, which is version 110 of the DOE 2.1E computer program.

Optional capabilities are a special class of capabilities and user inputs that are not required of all programs
ACMs but may be included in-semeat the option of the vendor-programs. Seme-The optional capabilities

included in this manual have minimal testing requirements. Seme-Additional optional capabilities ret-included
inthis-ACM-manual-may be proposed by vendors. For both these-classes-of optional-capabilitiescases, the
Commission reserves the right to disapprove the certification application for a specific optional capability if
there is not compelling evidence presented in the public process showing that the optional capability is
sufficiently accurate and suitable to be used for compliance ferthe-building-with the Standards. In addition,
energy efficiency measures modeled by the-optional capabilities y-mustshall medel-energy-efficiency-measures
whose-user-inputs-and-installation-are-be capable of being readiky-verified by local enforcement agencies.

The Commission's purpose in approving additional optional capabilities is to accommodate new technologies
which have only begun to penetrate the market and new modeling algorithms-fertechnologies-that-the

. Optional capabilities which evaluate
measures aIready in reIat|ver common use mustshall have thelr standard design for the measure based on the
common construction practice (or the typical base situation) for that measure since common practice is the
inherent basis of the standards for all measures not explicitly regulated. For example, the Commission has no
interest in an optional capability that evaluates the energy impacts of dirt on windows unless a new technology
produces substantial changes in this aspect of a building relative to buildings without this technology. The

Overview of Process
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burden of proof that an optional capability should be approved lies with the applicant ferapproval-and will be |
influenced by the ability of the reference computer program, DOE 2.1E to model the optional capability.

Companion documents which are helpful to prepare an ACM for certification include the latest editions of the
following Commission publications:

o 2001-Energy Efficiency Standards

Appliance Efficiency Regulations
e 2001 Nonresidential Manual Supplement

08 Nonrasiden Aan O aYaala a

o 2001 Residential Alternative Calculation Manual (ACM) forthe-Residential-Energy-Efficiency
StandardsManual

In this manual the term "Standards" means the Building Energy Efficiency Standards, Title 24, Part 6, Chapter
1 of the California Code of Requlations. The term "compliance" means that a building design in an application
for a building permit complies with the "Standards" and meets the requirements described for building designs

therein.

e Compliance Options Approval Manual for the Building Enerqy Efficiency Standards

There are a few special terms that are used in this Manual. The Commission approves the use of an ACM for
compliance. Commission approval means that the Commission accepts the applicant's certification that an
ACM meets the requirements of this Manual. The proponent of a candidate ACM is referred to as a vendor.
The vendor mustshall follow the procedure described in this publication-document to publicly certify to the
Commission that the ACM meets the Coemmissien's-criteria in this document for:

e Accuracy and reliability when compared to the DOE-2.1E reference program; and

o Suitability in terms of the accurate calculation of the correct energy budget, the printing of standardized
forms, and the documentation on how the program demonstrates compliance.

In addition to explicit and technical criteria, Commission approval will also depend upon the Commission's
evaluation of:

e Enforceability in terms of reasonably simple, reliable, and rapid methods of verifying compliance and
application of energy efficiency features modeled by the ACM and the inputs used to characterize those
features by the ACM users.

o Dependability of the installation and energy savings of features modeled by the ACM. The Commission
mustwill -evaluate the probability of the measure actually being installed and remaining functional. The
Commission mustshall also determine that the energy impacts of the features that the ACM is capable of
modeling will be reasonably accurately reflected in real building applications of those features. In
particular, it is important that the ACM does not encourage the replacement of actual energy savings with
theoretical energy savings due to tradeoffs allowed by an ACM.

For the vendor, the process of receiving approval of an ACM includes preparing an application, working with
the Commission staff to answer questions from either Commission staff or the public, and providing any
necessary additional information regarding the application. The application includes the four basic elements
outlined below. The Commission staff evaluates the ACM based on the completeness of the application and its
overall responsiveness to staff and public comment.

The four basic requirements for approval include:
1. Required capabilities:

e The ACM shall have all the eertain-required input capabilities explained in Chapter 2. —anrd-may-have
; biliti ; lined inCH 3

Overview of Process
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5—Alternat|ve Calculatlon Methods (ACMs) may be approved for addltlonal optional capabllltles such as

those descrlbed in Chapter 3hs4ed—m—the—eemﬁeahen—appheahen Ie—be—eemﬁed—a{m—applteved—fer—any

2. Accuracy of simulation:

e The ACM shall demonstrate acceptable levels of accuracy by performing and passing the required
certification tests discussed in Chapter 5.

o The ACM vendor performs the certification tests in Chapter 5. The vendor conducts the specified tests,
evaluates the results and certifies in writing that the ACM passes the tests. The Commission will perform
spot checks and may require additional tests to verify that the proposed ACM is appropriate for compliance
purposes.

e When energy analysis techniques are compared, two potential sources of discrepancies are the
differences in user interpretation when entering the building specifications, and the differences in the
ACM's algorithms (mathematical models) for estimating energy use. The approval tests minimize
differences in interpretation by providing explicit detailed descriptions of the test buildings that
mustmustshall be analyzed. For differences in the Alternative Calculation Method's (ACM's) algorithms,
the Commission allows algorithms that yield equivalent results.

3. Compliance-supplementUser's Manual or Help System:

e The vendor mustshall develop a compliance-supplementuser’'s manual and/or help system to-their ACM
users-mandal-that meets the specifications presented-in Chapter-Chapter 4.

4. Program support:

e The vendor mustshall provide ongoing user and building department support as described in Chapter 6.

The Commission may hold one or more workshops with public review and vendor participation to allow for
public review of the vendor's application. Such workshops may identify problems or discrepancies that may
necessitate revisions to the application.

Commission approval of Alternative Calculation Methods (ACMs) is intended to provide flexibility in complying
with the Energy-Efficieney-Standards. However, in achieving this flexibility, the ACM mustshall not degrade the
standards or evade the intent of the standards-Standards to achieve a particular level of energy efficiency. The
vendor has the burden of proof to demonstrate the accuracy and reliability of the ACM relative to the reference
method and to demonstrate the conformance of the ACM to the requirements of this manual.

1.1 Application Checklist

The following items shall be included in an application package submitted to the Commission for ACM
approval:

e ACM Vendor Certification Statement. A copy of the statement contained in Appendix NA, signed by the
ACM vendor, certifying that the ACM meets all Commission requirements, including accuracy and reliability
when used to demonstrate compliance with the energy standards.

e Computer Runs. Copies of the computer runs specified in Chapter 5 of this manual on floppy-diskettes-or
otherCommission-machine readable form as specified in Chapter 5 to enable verification of the runs.

e Compliance Supplement and User's Manual. The vendor mustshall submit a complete copy of their
ACM user's manual mcludlnq matenal on the use of the ACM for comphance purposes-as-wellasa

e Copy of the ACM and Weather Data. A floppy-diskette-or-other Commission-machine readable form-copy
of the ACM in-IBM-PC-compatible-format-for random verification of compliance analyses. The vendor

mustshall provide weather data for all 16 climate zones-erthe-means-to-automatically-generate-the
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weatner ldata Iel'. aiiotthe-tests al“d.aw con pl'al "e!e;”"r I!.I Fhe-ability-to-generate-the-weather data-used-for

e TDV Factor Documentatlon The ACM shaII be able to apply the TDV multipliers descrlbed in ACM Jomt
Aggend|x I1l. Wea m .

e Application Fee. The vendor shall provide an application fee of $1,000.00 (one thousand dollars) as
authorized by Section 25402.1(b) of the Public Resources Code, made out to the "State of California" to
cover costs of evaluating the application and to defray reproduction costs.

A cover letter acknowledging the shipment of the completed application package should be sent to:

Executive Director

California Energy Commission
1516 Ninth Street, MS-39
Sacramento, CA 95814-5512

Two copies of the full application package should be sent to:

ACM Nonresidential Certification
California Energy Commission
1516 Ninth Street, MS-26
Sacramento, CA 95814-5512

Following submittal of the application package, the Commission may request additional information pursuant to
Title 24, Section 10-110. This additional information is often necessary due to complexity of many Alternative
Calculation Methods (ACMs). Failure to provide such information in a timely manner may be considered cause
for rejection or disapproval of the application. A resubmittal of a rejected or disapproved application will be
considered a new application, including a new application fee.

1.2 Types of Approval

This Manual addresses two types of ACM approval: full program approval (including amendments to programs
that require approval), and approval of new program features and updates.

If ACM vendors make a change to their programs as described in 1.2.1 or 1.2.2, the Commission mustshall
again approve the program. Additionally, any ACM program change that affects the energy use calculations for
compliance, the modeling capabilities for compliance, the format and/or content of compliance forms, or any
other change which would affect a building's compliance with the Energy Efficiency Standards requires another
approval.

Changes that do not affect compliance with the standards such as program changes to the user interface may
follow a simplified or streamlined procedure for approval of the changes. To comply with this simpler process,
the ACM vendor shall certify to the Commission that the new program features do not affect the results of any
calculations performed by the program, shall notify the Commission of all changes and shall provide the
Commission with one updated copy of the program and User's Manual. Examples of such changes include
fixing logical errors in computer program code that do not affect the numerical results (bug fixes) and new
interfaces.

1.2.1 Full Approval & Re-Approval of Alternative Calculations Methods (ACMs)

The Commission requires program approval when a candidate ACM has never been previously approved by
the Commission, when the ACM vendor makes changes to the program algorithms, or when any other change
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occurs that in any way affects the compliance results. The Commission may also require that all currently
approved Alternative Calculation Methods (ACMs) be approved again whenever substantial revisions are made
to the Standards or to the Commission's approval process. |

The Commission may change the approval process and require that all Alternative Calculation Methods
(ACMs) be approved again for several reasons including:

a) If the standards undergo a major revision that alters the basic compliance process, then Alternative
Calculation Methods (ACMs) would have to be updated and re-approved for the new process.

e)b)If new analytic capabilities come into widespread use, then the Commission may declare them to be |
required ACM capabilities, and may require all ACM vendors to update their programs and submit them for
re-approval.

When re-approval is necessary, the Commission will notify all ACM vendors of the timetable for renewal.
There will also be a revised ACM Approval Manual published with complete instructions for re-approval.

An ACM program mustmustshall be re-approved for new optional modeling capabilities when the vendor adds }
those optional capabilities. The vendor mustshall provide a list of the new optional capabilities and

demonstrate that those capabilities are documented in revised user documentation. This may not include
computer runs previously submitted.

Re-approval mustshall be accompanied by a cover letter explaining the type of amendment(s) requested and |
copies of other documents as necessary. The timetable for re-approval of amendments is the same as for full
program approval.

1.2.2 Approval of New Features & Updates

Certain types of changes may be made to previously approved nonresidential Alternative Calculation Methods
(ACMs) through a streamlined procedure, including implementing a computer program on a new machine and
changing executable program code that does not affect the results.

Modifications to previously approved Alternative Calculation Methods (ACMs) including new features and
program updates are subject to the following procedure:

e The ACM vendor shall prepare an addendum to the Compliance Supplement or ACM user's manual, when
new features or updates affect the outcome or energy efficiency measure choices, describing the change
to the ACM. If the change is a new modeling capability, the addendum shall include instructions for using
the new modeling capability for compliance.

e The ACM vendor shall notify the Commission by letter of the change that has been made to the ACM. The
letter shall describe in detail the nature of the change and why it is being made. The notification letter shall
be included in the revised Compliance Supplement or ACM user's manual.

o The ACM vendor shall provide the Commission with an updated copy of the ACM and include any new
forms created by the ACM (or modifications in the standard reports).

e The Commission will respond within 45 days. The Commission may approve the change, request
additional information, refuse to approve the change or require that the ACM vendor make specific
changes to either the Compliance Supplement addendum or the ACM program itself.

With Commission approval, the vendor may issue new copies of the ACM with the Compliance Supplement
addendum and notify ACM users and building officials.

1.3 Challenges

Building officials, program users, program vendors, Commission staff or other interested parties may challenge
any nonresidential ACM approval. If any interested party believes that a compliance program, an algorithm or
method of calculation used in a compliance program, a particular capability or other aspect of a program
provides inaccurate results or results which do not conform to the criteria described in Section 5.1.4 the party
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may initiate the challenge of the program. (Please see Section 1.5 Decertification of Alternative Calculation
Methods (ACMs) for a description of the process for a challenge.)

1.4 Alternative ACM Tests

Chapter 5 of this Manual contains a series of tests to verify that Alternative Calculation Methods (ACMs)
accurately demonstrate compliance. An ACM vendor may propose alternate tests when the vendor believes
that one or more of the standard tests are not appropriate for the ACM. The Commission will evaluate the
alternate tests and will accept them if they are found to reflect acceptable engineering techniques.

If alternate tests are accepted by the Commission, the tests will be available for use by all Alternative
Calculation Methods (ACMs). An alternate test will coexist with the standard test presented in this Manual until
the Manual is revised. When a new version of this Manual is produced, the alternative test may be substituted
for the current test or may continue to coexist with the original test.

1.5 Decertification of Alternative Calculation Methods (ACMs)

The Commission may decertify (rescind approval of) an alternative calculation method through the following
means:

o All ACMs are decertified when the Standards undergo substantial changes which usually occur every three
years.

e Any ACM can be decertified by a letter from the ACM vendor requesting that a particular version (or
versions) of the ACM be decertified. The decertification request mustshall briefly describe the nature of the |
program errors or "bugs" which justify the need for decertification.

¢ Any "initiating party" may commence a procedure to decertify an ACM according to the steps outlined
below. The intent is to include a means whereby unfavorable comparisons with the reference method,
serious program errors, flawed numeric results, improper forms and/or incorrect program documentation
not discovered in the certification process can be verified, and use of the particular ACM version
discontinued. In this process, there is ample opportunity for the Commission, the ACM vendor and all
interested parties to evaluate any alleged problems with the ACM program.

NOTE 1: The primary rationale for a challenge is unfavorable comparison with the reference method
which means that for some particular building design with its set of energy efficiency measures, the ACM
fails to meet the criteria used for testing ACMs described in Section 5.1.4.

NOTE 2: Flawed numeric results where the ACM meets the test criteria used in Section 5.1.4. In
particular when an ACM indicates the failure of a building to comply by a significant margin even though
the reference method indicates that the building complies, i.e., the reference method has a proposed
design building energy budget less than or equal to the standard design building energy budget.

An ACM is allowed to have inputs for energy efficiency measures that it cannot model. The proper method
for an ACM to accommodate such inputs and features is for the ACM to automatically ensure compliance
failure by a significant margin whenever that feature's inputs are entered by the user. In such cases
numeric results are not directly relevant as long as the building fails to comply by an adequate margin.
Lighting and receptacle/process loads however mustshall be within the numerically acceptable ranges.

Following is a description of the process for challenging an ACM or initiating a decertification procedure:

1. Any party may initiate a review of an ACM's approval by sending a written communication to the
Commission's Executive Director. (The Commission may be the initiating party for this type of review by
noticing the availability of the same information listed here.)

The initiating party shall:
a) State the name of the ACM and the program version number(s) which contain the alleged errors;

b) Identify concisely the nature of the alleged errors in the ACM which require review;
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c) Explain why the alleged errors are serious enough in their effect on analyzing buildings for compliance
to justify a decertification procedure; and,

d) Include appropriate data on IBM PC compatible floppy diskettes and/or information sufficient to
evaluate the alleged errors.

2. The Executive Director shall make a copy or copies of the initial written communication available to the
ACM vendor and interested parties within 30 days.

3. Within 75 days of receipt of the written communication, the Executive Director may request any additional
information needed to evaluate the alleged ACM errors from the party who initiated the decertification
review process. If the additional information is incomplete, this procedure will be delayed until the initiating
party submits complete information.

4. Within 75 days of receipt of the initial written communication, the Executive Director may convene a
workshop to gather additional information from the initiating party, the ACM vendor and interested parties.
All parties will have 15 days after the workshop to submit additional information regarding the alleged
program errors.

5. Within 90 days after the Executive Director receives the application or within 30 days after receipt of
complete additional information requested of the initiating party, whichever is later, the Executive Director
shall either:

a) Determine that the ACM need not be decertified; or,
b) Submit to the Commission a written recommendation that the ACM be decertified.

6. The initial written communication, all other relevant written materials, and the Executive Director's
recommendation shall be placed on the consent calendar and considered at the next business meeting
after submission of the recommendation. The matter may be removed from the consent calendar at the
request of one of the Commissioners.

7. If the Commission approves the ACM decertification, it shall take effect 60 days later. During the first 30
days of the 60-day period, the Executive Director shall send out a Notice to Building Officials and
Interested Parties announcing the decertification.

All initiating parties have the burden of proof to establish that the review of alleged ACM errors should be
granted. The decertification process may be terminated at any time by mutual written consent of the initiating
party and the Executive Director.

As a practical matter, the ACM vendor may use the 180- to 210-day period outlined here to update the ACM

program, get it re-approved by the Commission, and release a revised version that does not have the problems

initially brought to the attention of the Commission. Sometimes the ACM vendor may wish to be the initiating
party to ensure that a faulty program version is taken off the market.
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2. Required ACM Capabilities-Reference-Method-and
Modelinga for Al tive Caleulation Methods (ACMs!

This Chapter specifies thereference-proceduresforthe-required capabilities that an ACM will be tested for and
also-specifies how the reference computer simulation program will be used for required to-modeling

capabilities. -thefeatures—All of the required capabilities are described in terms of the capabilities and
algorithms of the Commission's reference program. An ACM mustshall account for the energy performance
effects of all of the features described in this chapter-en-a-building's-energy.

The modeling procedures and assumptions described in this chapter fereach-capability-are-for-apply to both
the standard design and proposed designs. The requirements for the standard design include those that ACMs

mustshall apply to new features, altered existing features, unchanged existing features or all of the above. In
order for apregram-an ACM to become certifiedapproved, it mustshall, at a minimum, accept all of the required
inputs and meet the test criteria when compared against the reference computer program using procedures
and assumptions as required in the sections describing the capabilities.

2.1 Compliance --Required-Capabilities

2.1.1 Type of Project Submittal

ACMs mustshall require the user to identify the type of project for which compliance is being demonstrated.
These ACMs mustshall require the user to choose one of the following options:

¢ New Building

e Addition Alone (modeled as new building but labeled on output) (when ACM is approved for this optional

capability)
e Addition Plus Alteration of Existing Building_(when ACM is approved for this optional capability)

e Alteration of Existing Building_(when ACM is approved for this optional capability)
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These input-compliance options are required even though compliance for existing buildings is an optional the

ACM-may-not-have-the-capability-ef performing-any-existing-building-analysis. Optional capabilities are

described in the following chapter of this manual. An Ary-ACM shall not produce compliance reports or operate
in a compliance mode when users specrfy features that requrre optronal modelrnq capabllrtres for which the
ACMii is not approved i ; ; ‘ i

2.1.2 New Building or Addition Alone

ACMs are required to be able to perform compliance on new buildings and additions as if they were new (or
newly conditioned), stand-alone, buildings. ACMs may do this by treating an addition alone as a new building,
but an addition modeled in this way shall be reported on all output forms as a Stand Alone Addition.

2:1.22.1.3 Scope of Compliance CalculationsScope-of Compliance-Submittal

For each building or separately permitted space, ACMs mustshall also require the user to identify the scope
of the compliance submittal from the following list:

e Envelope only

e Mechanical only

e Envelope and Lighting

o Envelope and Mechanical

¢ Lighting and Mechanical

e Envelope, Lighting and Mechanical

Each of these situations requires specific assumptions, input procedures and reporting requirements. Moceling
assumptions are 1hese+eq4a+remen%saredocumented in Chapters 2 and 3. Reportlnq requrrements are
documented in Required-Loads-Capabilities-and-Required-Systems-and-Plant Capab nd-Chapter 4
Gemphanee%uppiement ACMs mustshall on/y produce reports specrf/c to the scope of the submittal
determined for the run. Hence an Envelope Only scope run is only allowed to produce ENV forms and PERF
forms that are designated Envelope Only-a

be-consistent-with-this-limited-outputrequirement.

The information about installed service water heating system(s) is included in the mechanical compliance
submittal forms. ACMs mustshall calculate the energy use for both the proposed system(s) and the reference
system(s) [energy-TDV energy budget] and provide the results on the PERF forms. The energy budget is
calculated in accordance with Section 2.5-6 (Service Water Heating--Required capabilities) of this manual. If
the energy used by the proposed water heating system(s) is less than the energy budget, the credit may be
traded off for other building features. Alternatively, for high-rise residential buildings, users may show service
water heating compliance by meeting the prescriptive requirements of Section 151(f)(8) of the Standards.
When the compliance for the service water heating is shown prescriptively, tradeoff between the service water
heating and other building components is not allowed.

When a building has a mixed scope of compliance, such as a speculative building where all the envelope is
being permitted but the core includes lighting as well as portions of the envelope, two (or more) compliance
runs mustshall be performed and forms from different runs mustshall be submitted for the appropriate spaces.
The scope of submittal for the building core compliance run will be Envelope & Lighting and the scope of
submittal for the compliance run for the remainder of the building will be Envelope Only.

The following modeling rules apply for when the scope of the compliance calculations do not include one of the
following: the building envelope, the lighting system or the mechanical system.
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Cases Modeling Rules for Proposed Design Modeling Rules for ReferenceStandard
Design (All):
No Envelope —The No-envelope compliance—The
Compliance envelope shall be modeled according to envelope shall be identical to the
Mechanical Only the as-built drawings and specifications proposed design.
of the building or as it occurs in the
Lighting and previously-approved compliance
Mechanical documentation of the building. All

envelope features and inputs required for
ACMs by this manual mustshall be
entered.

Note: A partial permit application involving no envelope compliance creates an
exceptional condition. This requires either a copy of the previous envelope
compliance approval or an equivalent demonstration by the applicant (to the
satisfaction of the local enforcement agency) that the building is conditioned and an
occupancy permit has previously been issued by the local enforcement agency. The
exceptional condition list shall indicate the presence of an existing or previously-
approved envelope documentation and a form shall be produced to document the
existing envelope. No envelope (ENV) compliance forms may be output as part of
the compliance output when the user selects this option.

No Mechanical
Compliance

Envelope Only
Envelope and Lighting

i —ACMs No-mechanical compliance—The

shall model default heating and cooling mechanical systems shall be identical to
systems according to the rules in Section the proposed design.

2.5.3.92:4.2.26 (Modeling Default

Heating and Cooling Systems). ACMs

may not allow the entry of an HVAC

system and mustshall automatically

model the default system. Economizer
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controls will be modeled as indicated in
the Standard Design Assumptions for Air
Economizers based on system total
(sensible + latent) cooling capacity.

No Lighting
Compliance

Envelope Only
Mechanical Only

Envelope and
Mechanical

No-lighting-ecomplianee—Previously-
approved lighting plans with approved

lighting compliance forms may be
entered as Tailored Lighting at the
approved lighting power levels shown in
the construction and previously-approved
compliance documents and installed as
approved. The exceptional conditions list
on the PERF-1 form mustshall indicate
that previously-approved lighting plans
and compliance forms mustshall be
resubmitted with the application.

In the absence of approved lighting plans
and lighting compliance forms, the ACM
shall model the lighting system according
to Section 2.34.2.1 (Lighting) using the
rules for Lighting compliance not
performed.

No-lighting-compliance.—\With
previously approved lighting plans, the

lighting levels for each space shall be
equal to the approved design. No
lighting (LTG) compliance forms may be
output with the compliance output. The
local enforcement agency should verify
that the lighting has already been
approved and installed or, if recently
designed and approved, should verify the
independent lighting approval.

In the absence of approved lighting plans
and lighting compliance forms, the ACM
shall model the lighting system according
to Section 2.34.2.1 (Lighting) using the
rules for Lighting compliance not
performed.

2.1.4 Climate Zones

The program mustshall account for variations in energy use due to the effects of the sixteen (16) California
weather/climate zones. Weather/Climate information for the-compliance simulations shall use -is-derived-from

one of srxteen (16) eh#erentdata sets descrlbed |n ACM Jomt Appendlx II fer—thest*teeeehmate—zenes—'lihese

The same weather data mustshall be used for the standard and proposed deS|gns The ACM mustshall use
el+matedataand—accept input for Iatltude Iongltude and eIevatlon ef—theweather—ﬂtefor the local condition

2.1.5 Reference Year

The reference year determines the day (Monday, Tuesday, etc.) for the first day in the weather file which in turn

determines the weather days for which holidays and weekends occur. Nonresidential ACMs shall use the

Reference Year as specified in Joint Appendix Il.
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2.1.6 Time Dependent Valuation

The candidate ACM shall calculate the hourly energy use for both the standard design and the proposed
design by applying a TDV factor for each hour of the reference year. TDV factors have been established by the
CEC for residential and nonresidential occupancies, for each of the sixteen climate zones, and for each fuel
(electricity, natural gas, and propane). The procedures for Time Dependent Valuation of energy are
documented in ACM Joint Appendix lIl.

114.72.1.7 Reference Method Comparison Testings Certification

A specific set of complianee-reference method comparison tests to-evaluate-ACMs-are described in Chapter 5.
Using-tThese tests_verify that ;-the differences between the reference method's compliance margins and an
ACM's compliance margins will-be-subjected-to-meet specific test-criteria. These-test criteria mustshall be met
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for every test. The testcriteria are designed to minimize the possibility that an approved ACM will “pass”
determine-that-a-specificpropesed-a building complies-with-California's- Building-Energy-Efficiency-Standards
when the reference method would determine-otherwisenot. The test criteria speeifically-do not prevent an ACM
from being conservative with regard to compliance but requires the ACM to produce results similar to those of
the Commission’s reference program. In addition to satisfying-the-meeting the test criteria, the ACM mustshall

conform to all of the input and output requwements described in this manual-ahd-seme-caleulation-procedural

An ACM may use these-the reference method procedures directly or they-the ACM may use other procedures

that are-similarto-these-procedures-orprocedures-that-approximate the reference method results with sufficient

accuracy to meet the criteria described in Chapter 5-for-the-minimum-capability-tests. In particular, when this
manual uses the term “ACMs mustshall model” it means that ACMs mustshall be able to quantitatively

approximate the changes in energy use due to particular envelope, lighting, or HVAC features of a building in

such a way that satisfies the ACM-is-capable-of-meeting-all-test criteria in Chapter 5 for each and every test.
AH-ACM estimates for lighting and receptacle energy use mustshall be within a few percent of the reference

method results while a Iarqer tolerance is acceptable for HVAC and bqumq envelope measures. ACMs.

272.2 Compliance DocumentationRequired-Standard Reports

Compliance documentation includes the forms, reports and other information that is submitted to the building
department with an application for a building permit. The purpose of the compliance documentation is to enable
the plans examiner to verify that the building design complies with the Standards and to enable the field
inspector to readily identify building features that are required for compliance.

ACMs must automatically produce the CEC standard reports which are an essential part of the compliance
documentation. The standard reports are highly restricted in quantity and format. All non-default inputs shall be
reported on the appropriate report. Exceptional user entries outside of "normal" range shall be printed and
shall be clearly flagged in the compliance documentation for the attention of the plan checker and field
inspector. Exceptional user entries include process loads, tailored ventilation, and tailored lighting and
modifications to certain default values. When the user enters such exceptional input in compliance
calculations, the ACM shall automatically print the forms containing such user inputs. Exceptional conditions
shall be indicated on the PERF-1 form. The exceptional conditions section shall be prominent on the
compliance documentation and shall be included even if no exceptional conditions are reported.

The ACM shall automatically determine the forms to be printed and the total number of pages (T) required to
print those forms and shall print exactly that number of pages and all ACM-determined forms. This
determination shall be made based on the user's description of the scope of compliance, the building
characteristics, and the user's selection of a compliance run. ACMs may not allow the user to select specific
forms to be printed in a compliance run (as distinguished from a diagnostic run) where specific reports may be
requested). Each page (N) of the required output shall indicate Page N of T in the page header, the unique
compliance run code, and the time of the compliance run. The PERF-1 shall list or indicate all of the forms
required for a valid submittal, including those required to be done by hand.

An ACM shall produce the compliance documentation (in a format approved by the Commission) only when a
modeled building design complies with the Standards. Reports not directly related to compliance and not
required to be reported in this manual shall not be included in the compliance documentation. Too much or too
little information obstructs enforcement. Secondary or irrelevant information may confuse the building official or
wastes his/her time. On the other hand, a lack of relevant information may lead to enforcement errors or
encourage cheating. To be approved for compliance use, an ACM cannot allow the user to directly select the
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compliance forms to be printed. Each ACM shall determine the compliance output based on the user's input
description of the building and the type of compliance run for the building. ACMs may produce additional
reports which are not part of the compliance documentation, but these reports should be formatted to make it
clear to the plans examiner and the field inspector that the reports are not part of the compliance

documentation.

tra+h+ng—The standard reports Feqerred—eutput—f-ermsare mtended to be as S|m|Iar as pOSSIb|e to the

compliance forms used in the prescriptive compliance approach so that those who are familiar with the
prescriptive forms erI more easny be able to flnd mformatron on theeutput—iremtheperformance approach
reports. A v
eptuﬂ—page—pemens—ef—the—preseﬂptwe—ferms—To aIIow the optlonal capabllltles of Partlal Compllance

Alterations, or automatic modeling of Additions Modeled with the Existing Building, there are distinct additional
forms describing existing building components and systems that mustshall be printed separately than the forms
describing the altered or new building components and systems and mustshall have ALL-all text in lowercase

type.

in-the-sample-form-formats-in-AppendixE+tThe first pages (signature pages) of the prescriptive ENV-1, LTG-1,
and MECH-1 certificates of compliance are consolidated on the first page of the PERF-1 form. The PERF-1 is
the Certificate of Compliance for the performance approach and all three parts of the PERF-1 form (at least
three pages) mestshall be mcluded as part of the plans —Alt—ferms—wrth—the—termleemﬁeateef—gemplmneelm
ittal—Typically the pages of these
forms are adhered to a plan sheet and subm|tted wrth the plans These forms are considered to be an integral
part of the plans and are to be recorded in exactly the same manner as a set of plans and retained for the
same period of time as official records of the plans.

{n-addition,aAn ACM mustshall not be-able-te-print compliance documentation ferm-formats-when a medeled
proposed building design does not comply with the building-sStandards, —i.e. when a proposed building design
modeled by an approved ACM in accordance with the reference procedure has an estimated TDV energy
budgetthat exceeds the estimated-TDV energy budget-ofthe-standard-building-design, compliance forms
mustshall not be printed, displayed on screen, or written on disk. An ACM may produce is-enlyrequired-to
provide-a-minimum-of-diagnostic results-reports for buildings that do not comply. This diagnostic reports shall
be formatted in a manner significantly different from the compliance documentation, and may include
information to help the energy analyst identify measures to bring the building into compliance, mirimum
informatien-including es-the TDV energy use components of the proposed design and the standard design.

Non complvrnq reports ef—theenergy—budget—m—sewee—l@tu—per—ﬁ —per—yeapand—thetetat—seureeermgy—use
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MUSTshall not report run_codes, initiation-simulation times, or total page counts, -en-roncompliance-output-or

display—Similarly,-noncompliance-output MUST NOT-use-approved form headers-or, header information or
include any formatting features used for compliance documentation. atthe-top-ofa-page—Producing

Resemblance-ef-noncompliance reports that resemble compliance documentation eutput-to-complianceforms

is sufficient grounds for reJectlon of the ACM—feFuse—as—a—eemehanee—eemputer—pFeg#am

theunmedt#ed—be#dmg+nput—me—At—a—mmtmem—aAny alteratlons in the user mput mestshall result in a new
run initiatien-time, and-run_code-on-any-compliance-output-generated-thereafter and a-completely new full-set of
compliance eutputdocumentahon for the type of compllance selectedmust—berHhted—when#teAGMusephas

User inputs mustshall appear on the ACM compliance documentation reperts-but the reporting of prescrlbed

input assumptions is usually unnecessary since ACMs are requwed to automatlcally use these inputs.?
Compllance documentatlon shall only include

enty—aueweekt&repepkthe prescribed inputs or assumphons that are requwed by the bundlng off|C|aI to verlfy
compliance. When inputs with standard defaults are modified by the user, the modified value mustshall be
distinctly identified (flagged) in the standard-reperts-compliance documentation to alert the local enforcement

agency of an exceptional condition for compliance. This enables so-that-itcan-be-verified-by-the code official to

2 COMMENTARY: The Commission does not want to encourage debate on prescribed assumptions at the local enforcement agency.

Commission staff workshops and Commission hearings for changes to this manual are the appropriate forums for debating such ACM
restrictions.
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verify that the alternate value is acceptable for complrance is con3|stent W|th the plans and speC|f|cat|ons and
|s verifiable in the field. e

To accommodate the opt|onaI capabilities of partial complrance aIternat|ons and modeling-additions-with-the
, alkACMs MUSTshall report all new
or aItered user—entered bwldrng components and descrlptrve mformatlon completely in UPPERCASE type.
ACMs with the capabilities for partial compliance, automatic modeling of additions with the existing building or
modeling alterations in an existing building MUJSTshall report all information on existing, previously-approved
building components that are not altered in lowercase type. For partial compliance the ACM mustshall
produce the special EXISTING-ENV forms for the existing envelope. Partial compliance applicants with
building envelopes approved within the previous two years mustshall supply envelope compliance information
along with the EXISTING-ENV forms. This is to insure that the local enforcement agency can readily

determine-v erlfy that the eX|st|ng envelope ha&rndeed—eemplmd— omplles and—that—th&useuef—e*rstrng—bu#dmg
dlst|ngursh these modeled components (same for both standard design and proposed design) from those that
are new or have been altered.

The required reports shown in this sectron should be formatted to fit a 8 Y2 X 11 in. page. feuewaiermat—that

2.7-12.2.1 Certificate of Compliance Form(s)

(PERF-1, ENV-1, EXISTING-ENV, LTG-1, EXISTING-LTG, MECH-1, and EXISTING-MECH)

The first standard report that mustshall be produced by all ACMs is the Certificate of Compliance which is
divided into four sections: the Performance Summary (PERF-1 forms), Envelope (ENV-1 form), lighting (LTG-1
form) and mechanical (MECH-1 forms). The Certificate of Compliance is required by Title 10, Section
1403(a)2.A, B and C{2} of the California Code of Regulations. For the performance approach all signature
blocks for the Certificate of Compliance are combined onto the first page of the PERF-1 compliance output
form. Normally all of these signature blocks mustshall be signed by the responsible designers. However,
when an ACM is approved for optional partial compliance features and the partial compliance option is being
used, only one or two of the signature blocks need be filled in. However, when this occurs the signatures
mustshall be consistent with the type of partial compliance indicated on the Certificate of Compliance - PERF-1
forms and information reported on other output reports._The following are items to be included on the PERF-1
report.

e Date e Envelope compliance (signature of licensed
. engineer/architect/contractor, date, license
e Project Name number)

e Project Address

e Lighting compliance (signature of licensed
¢ Principal Designer Envelope engineer/architect/contractor, date, license

number)

o ] e Mechanical compliance (signature of licensed
o Building Permit # engineer/architect/contractor, date, license

number)

e Documentation Author
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o Date of Plans e Annual SeureeTDV Energy Use Summary

o Building Conditioned Floor Area e Building Complies — General Information

o Climate Zone Building Type e Zone Information

e Phase of Construction e Exceptional Conditions Compliance Checklist

e Statement of Compliance (signature of
documentation author)

The PERF-1 mustshall list all optional capabilities utilized by the user and mustshall identify the zone(s),
system(s) and/or plant(s) to which the optional capabilities apply. The PERF-1 mustshall also itemize the use
of any of the following exceptional building compliance features on the exceptional conditions checklist,
identifying the zone(s), systems(s) and or plant(s) to which the feature(s) apply.

The following are examples of building features that should be listed in the exceptional features section.

e Absorptance < 0.40 e Process fan power

o Exterior surface emmmissivity-emittance different e  Process loads

from DOE2.1E defaults « Tailored lighting input

¢ Any user-defined materials, layers, constructions,

assemblies Lighting control credits

e Window-wall-ratio > 0.40 e Electric resistance heating or reheating

e Skylight-roof-ratio > 0.05 e Hydronic (water source heat pumps)

. . .- . . e Economizer installed on equipment below 75,000
f(z)liroheat gain coefficient (vertical or horizontal) BtuBtu/h and 2500 cfm

e Tailored ventilation

e Fenestration u-factor (vertical or horizontal) < 0.50
Demand control ventilation

e Use of “Alternate Default Fenestration Thermal

Properties” e Variable speed drive fans

e Use of “Field-Fabricated Fenestration” e Other high efficiency fan drive motors

e Use of "Industrial/Commercial Work - Precision" e Verified sealed ducts in ceiling/roof spaces
occupancy

e Any optional capabilities used

One consequence of partial compliance is that fewwer compliance reports are required. The reports, the total
number of pages, and-the run_code, and initiatien-time printed on each of the forms mustshall be consistent
with the fewer number of pages allowed for partial compliance.

The PERF-1 form mustshall also provide information on the service water heating system, including the system
type, the efficiency of the water heating system or its components, pipe insulation specifications, and the fuel
source used for service hot water.

When partial compliance is used or an addition is modeled with an existing building and its existing building
components, these components mustshall be flagged on the exceptional conditions checklist on the PERF-1
forms and the relevant EXISTING forms mustshall be produced.

SAMPLE-COMPHANCEFORMS-ARE-SHOWN-IN-APPENDRCE]

2.7-22.2.2 Supporting Compliance Forms

The second type of standard reports that mustshall be produced by all ACMs are the supporting compliance
forms. These are summarized below.

ENV-1 Envelope Compliance Summary — Performance  Opaque Surfaces
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MECH-1 Certificate of Compliance Summary —
Performance

MECH-1 Mechanical Compliance Summary —
Performance

MECH-2 Mechanical Equipment Summary —
Performance

MECH-3 Mechanical Compliance Summary —
Performance

MECH-5 Mechanical Distribution Summary —
Performance Use Only

LTG-1 Certificate of Compliance — Performance

LTG-1 Portable Lighting Worksheet — Performance

Fenestration Surfaces — Site Assembled

Glazing
Exterior Shading

System Features

Duct Insulation
Pipe Insulation

Chiller and Tower Summary
DHW/Boiler Summary
Central System Ratings
Central Fan Summary

VAV Summary
Exhaust Fan Summary

Mechanical Ventilation

Verified Duct Tightness by Installer
HERS Rater Compliance Statement

Installed Lighting Schedule
Mandatory Automatic Controls
Controls for Credit

Portable lighting not shown on plans for office
areas > 250 square feet

Portable lighting shown on plans for office areas
> 250 square feet

Plans show portable lighting is not required for
office areas > 250 square feet

Building Summary — Portable Lighting

If the ACM produces add|t|onal reports se—the

pages of these fermsrreports mestshall be tabulated and counted along with the performance forms for total
page counts and verification on the PERF-1 form. l-these-Applicable reports (forms) shall not be included with

compllance calculations unless the report is relevant fermeareunet_used-fepagwen—pe#emraneeeemphaﬂee
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Zone  (Degree) (Degree) (Feet
1 40.8 124.2 43
2 38.4 1227 164
3 37.7 1222 6
4 37.4 1224 97
5 34.9 120.4 236
6 33.9 118.5 97
7 32.7 117.2 13
8 33.6 17.7 383
9 34.2 118.4 655
10 33.9 117.2 1543
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14 40.2 1222 342
12 385 1215 17
13 36.8 119.7 328
14 357 117.7 2293
15 32.8 1156 30
16 443 122.3 3544

2.22.3 Building Shell —~Required-Capabilities

All ACMs mustshall receive-accept inputs for each different opaque surface (wall, roof/ceiling, or floor) that
separates the conditioned space from the unconditioned or semi-conditioned space or the ground, including
each demising wall (which consequently includes each party wall). These inputs include construction framing
type, orientation and tilt, location and area for each exterior surface. An ACM mustshall also allow the user
choose construction assemblies from ACM Joint Appendix IV. The choice determines the to-enterinputsto

eeterm+neheat transfer and heat capaC|ty characterlstlcs The ch0|ce also determlnes the standard deS|qn

U-factors of exterior surfaces shaII be obtarned from ACM Jomt Append|x IV

Standard design requirements are labeled as applicable to one of the following options:
e Existing unchanged

o Altered existing

o New

e Al

The with-the-default condition for these four specified conditions being-is “All.” An ACM without the optional
capability of analyzing additions or alterations mustshall classify and report all surfaces as “All.”

All ACMs mustshall separately report information about demising walls, fenestration in demising walls, exterior
walls, and fenestration in exterior walls. Demising walls and demising wall fenestration separate conditioned
spaces from enclosed unconditioned ersemi-conditioned-spaces. Party walls are always considered to be
demising walls when they separate spaces controlled or occupied by different tenants. For the purpose of
compliance, the adjacent enclosed spaces not controlled by the tenant of the given space or by a single
manager of the building are unconditioned. This assumption means that party walls are treated as demising
walls and adjacent tenant spaces are modeled as enclosed unconditioned spaces. To avoid modeling adjacent
spaces that are not part of the permit, for purposes of Standards compliance, an ACM mustshall assume that
the dem|smg waII is ad|abat|c and no heat transfer occurs through it. ln%hr&manual—thewerd
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2.3.1 Spaces

2.3.1.1 Directly Conditioned Space

Directly conditioned space is space in a building that is directly heated and/or cooled through the delivery of
conditioned air or by radiation from heating elements or interior surfaces.

2.3.1.2 2.2.2.8 Return Air Plenums

Return air plenums are considered conditioned spaces and mustshall be modeled as part of the adjacent
conditioned space.

2.3.1.3 Indirectly Conditioned Spaces

ACMs shall allow users to explicitly model all indirectly conditioned spaces. The internal loads (people, lights,
equipment, etc.) and schedules for conditioned spaces shall also be used for Al-Minimum-Loads-Capabilities

found-in-this-manualapphy-to-indirectly conditioned spaces. -When indirectly conditioned spaces are explicitly
modeled, ACMs mustshall require the user to identifying each zone as either directly or indirectly conditioned.

At the user's choice, ACMs may model indirectly conditioned spaces as part of the directly conditioned space
provided that the total volume and area of indirectly conditioned spaces included are each less than 15% of the
total volume and less than 15% of the total conditioned floor area of the total indirectly and directly conditioned
volume and floor area. (Refer to Chapter 4 for requirements applying to indirectly conditioned spaces included
as directly conditioned spaces.) For the purposes of this manual, indirectly conditioned spaces can either be
occupied or unoccupied. Descriptions of each of these space types are provided in Chapter 4. The
requirements for each of these three cases are documented below.

Indirectly Conditioned Spaces Included in Directly Conditioned Space

Description The requirements for modeling indirectly conditioned spaces when they are included
in directly conditioned space are as described below.
DOE-2 Command SPACE
DOE-2 Keyword(s) AREA
VOLUME
MULTIPLIER
Input Type Required
Tradeoffs Neutral
Modeling Rules for Any indirectly conditioned space modeled as part of directly conditioned space shall
Proposed Design: be input as it occurs in the construction documents, including envelope, occupancy

characteristics and lighting levels. Additionally, ACMs mustshall assume mechanical |
heating and cooling is provided to the space, using the same system as the actual
directly conditioned space.

Modeling Rules for ACMs mustshall use the same configuration and occupancy characteristics for
ReferenceStandard indirectly conditioned spaces modeled as directly conditioned space as the proposed
Design (All): design. Standard design assumptions for envelope performance, occupancy

characteristics, lighting levels, and HVAC system assumptions shall be determined
as if the space were directly conditioned.

Indirectly Conditioned Spaces that can be Occupied and Explicitly Modeled

Description: The requirements for modeling indirectly conditioned spaces that can be occupied
and explicitly modeled are as described below.

DOE-2 Command SPACE

DOE-2 Keyword(s) AREA
VOLUME
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Input Type
Tradeoffs

Modeling Rules for
Proposed Design:

Modeling Rules for
ReferenceStandard
Design (All):

MULTIPLIER
Required
Neutral

For the proposed design ACMs shall receive input for indirectly conditioned spaces
for area, configuration, and envelope as each space occurs in the construction
documents. All internal loads, receptacle, occupant, process loads shall be
determined identically to directly conditioned space.

The reference method will treat the space as a conditioned zone [ZONE-TYPE =
CONDITIONED] with heating and cooling off [HEATING-SCHEDULE & COOLING-
SCHEDULE set to off] and fans on so that mechanical ventilation will be modeled
according to Table N2-2 or Table N2-3.

ACMs mustshall use the same configuration and modeling assumptions for indirectly
conditioned spaces that can be occupied as the proposed design. Standard design
assumptions for envelope performance shall be determined as if the space were
directly conditioned.

The reference method will not model mechanical heating or cooling for these spaces,
however mechanical ventilation (CFM/ft?) will be modeled according to Table N2-2 or
Table N2-2. Lighting levels shall be established identical to directly conditioned
space standard design.

Indirectly Conditioned Spaces that cannot be Occupied and Explicitly Modeled

Description

DOE-2 Command
DOE-2 Keyword(s)

Input Type
Tradeoffs

Modeling Rules for
Proposed Design:

Modeling Rules for
ReferenceStandard
Design (All):

The requirements for modeling indirectly conditioned spaces that cannot be occupied
and explicitly modeled are as described below.

SPACE

AREA
VOLUME
MULTIPLIER

Prescribed
Neutral

For the proposed design, all ACMs shall receive input for indirectly conditioned
spaces for area, configuration, and envelope as each space occurs in the
construction documents. All internal loads, ventilation, receptacle, lighting, occupant
and process loads shall be zero.

No mechanical heating, cooling or ventilation shall be modeled for indirectly
conditioned spaces that cannot be occupied. As in the standard design, for these
spaces the reference method models lightweight mass by using a light furniture
category of 30 pounds per square foot in DOE 2.1 to generate the lightweight
standard weighting factors for these spaces. This lightweight mass is meant to
approximate the materials found in conditioned spaces that cannot be occupied.

ACMs mustshall use the same configuration and modeling assumptions for indirectly
conditioned spaces that cannot be occupied as the proposed design. Standard
design assumptions for envelope performance shall be determined as if the space
were directly conditioned.

For these spaces the reference method models lightweight mass by using a light
furniture category of 30 pounds per square foot in DOE 2.1 to generate the
lightweight standard weighting factors for these spaces. This lightweight mass is
meant to approximate the materials found in indirectly conditioned spaces that cannot
be occupied.
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The reference method will not model mechanical heating, cooling or ventilation for
indirectly conditioned spaces that cannot be occupied.

2.3.1.4 Enclosed Unconditioned and-Semi-Conditioned-Spaces

Description: ACMs shall require the user to explicitly model any enclosed unconditioned and-semi-
conditioned-spaces such as stairways, warehouses, unoccupied adjacent tenant
spaces, attached sunspaces, attics and crawl spaces if and only if they are part of the
permitted space. ACMs mustshall require the user to identify the space as
unconditioned and to enter all applicable envelope information, in a similar manner to a
conditioned space. In-this-manual-the-word “unconditioned”is-used-toreferto-both

wnconditioned-and-semi-conditioned-spaces:

If the enclosed unconditioned space is not a part of the permitted space, ACMs may
allow the user to either explicitly model the space or ignore it by modeling the partition
separating the condition space from the enclosed unconditioned space as an adiabatic
demising partition (see Section 2.23.2.5).

DOE-2 Command SPACE
DOE-2 Keyword(s) AREA

VOLUME
MULTIPLIER
Input Type Required
Tradeoffs Neutral
Modeling Rules for If enclosed unconditioned spaces are explicitly modeled, ACMs shall model the
Proposed Design: envelope characteristics of the unconditioned spaces as input by the user, according to

the plans and specifications for the building.

All internal gains and operational loads (occupants, water heating, receptacle, lighting
and process loads, ventilation) in unconditioned spaces shall be equal to zero.
Infiltration shall be equal to 0.038 times the total wall area exposed to ambient outdoor
air.

If enclosed unconditioned spaces are not modeled, the reference program shall model
the partitions separating condition spaces from enclosed unconditioned spaces as
adiabatic demising partitions.

Modeling Rules for ACMs shall model unconditioned spaces exactly the same as the proposed design.
ReferenceStandard
Design (All):
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A

2.3.1.5 LightInterior Mass

Description:
DOE-2 Command
DOE-2 Keyword(s)

Input Type
Tradeoffs

Modeling Rules for
Proposed Design:

Modeling Rules for
ReferenceStandard
Design (All):

The heat capacity of interior walls and furniture-are-modeled-as-lightweight-mass.
SPACE
FURNITURE-TYPE

FURN-WEIGHT
FURN-FRACTION

Prescribed
Neutral

ACMs shall model lightweightinterior mass with-constructions-as specified below.

i i iteriorH i —The reference
method determines lightweight mass exclusively as a function of floor area using
DOE-2 furniture inputs as described below.

The reference method assumes that lightweight mass is determined from the floor
area of the modeled spaces. In the reference method, lightweight mass is modeled
through the use of the DOE 2.1 furniture inputs. For directly conditioned spaces and
indirectly conditioned spaces that can be occupied the internal mass category is
deemed to be [FURNITURE-TYPE = HEAVY]; the average weight of the light mass
(furniture and equipment) is assumed to be 80 pounds per square foot [FURN-
WEIGHT = 80]; and 85% of the floor is covered by lightweight (furniture) mass
[FURN-FRACTION = 0.85]. This furniture fraction determines the fraction of solar
gains going to the furniture/light mass. Thus the reference method assigns 85% of
the total solar heat gain normally falling on the floor to the furniture instead.

For indirectly conditioned spaces that cannot be occupied the internal mass
category is deemed to be [FURNITURE-TYPE = LIGHT]; the average weight of the
light mass (furniture and equipment) is assumed to be 30 pounds per square foot
[FURN-WEIGHT = 30]; and 85% of the floor is covered by lightweight (furniture)
mass [FURN-FRACTION = 0.85].

The standard design shall model the same lightweight mass as the proposed
design.

2.212.3.2 Construction Assemblies

Construction assemblies for the proposed design shall be selected from ACM Joint Appendix IV. When a

choice is made, all properties of the proposed design construction assembly are set. The materials and layers

that make up the construction assemblies are documented in the notes section of each table in ACM Joint

Appendix IV. The choice from ACM Joint Appendix IV also determines the construction of the standard design,

according to the mappings in Table N2-1.

Table N2-1is first organized by type of construction: wall, roof or floor. The second column are the tables from

ACM Joint Appendix IV for each type of construction. The third column links the tables to a class of

construction. The final columns show the standard design construction assembly for each climate and building
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type. Selections from ACM Joint Appendix IV are referenced by row and column, similar to a
spreadsheet. Letters are used for columns and numbers for rows.

For mass walls, the process of choosing from ACM Joint Appendix IV is a bit more complicated. The user first
chooses the mass layer from either Table 1V-12 or Table 1V-13. After that, the user may select an insulating
layer from Table 1V-14 for the outside of the mass wall and/or the inside of the mass wall. Up to three choices
may be selected from ACM Joint Appendix IV. The mass layer selected by the user determines if the wall is
medium mass or heavy mass. If the selected mass layer has an HC greater than or equal to 15.0 Btu/ft?-°F,
then the standard design mass layer is IV12-A8. If the selected mass layer has an HC greater than or equal to
7.0 Btu/ft2-°F, but less than 15.0 Btu/ft2-°F, then the standard design mass layer is [V12-B8. Table N2-1 shows
the insulating layer from Table 1V-14 that is added to the inside of the standard design mass layer.

Example

A users chooses the 1V11-E3 steel framed wall construction from Table IV-11 of ACM Joint Appendix IV for a
nonresidential building located in climate zone 12. Anytime a proposed design construction assembly is
selected from Table 1V-11, the class of construction for the proposed design is metal framing. The standard
design construction assembly is IV11-A3 from Table N2-1.
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Table N2-1 — Standard Design Construction Assemblies From ACM Joint Appendix IV

Standard Design Construction Assembly

I
3 g2 ¥t 85
L g Yo =2£ o
Sy yf Hieyt o2
= § o| o 9o gol; 9L
Type  ACM Joint Appendix IV Table Class OIN zl= Holel e o
Walls Table IV.11 — Metal Framed Walls Metal 1,16 IV11-A3  IV11-A5
framing 35 IV11-A2  IV11-A2
6-9 IV11-A2  IV11-A2  IV11-A3
2,10-13 IV11-A3  IV11-A3
14,15 IV11-B5 IV11-A3
Table 1V.15 — Metal Building1 Walls Metal 1,16 IV15-A4  IV15-A5
building 3-5 IV15-A3  IV15-A3
6-9 IV15-A3  IV15-A3  IV15-A5
2,10-13 IV15-A4  IV15-Ad
14,15 IV15-A4 IV15-A4
Table 1V.12 — Hollow Unit Masonry Walls Med. mass 1,16 IV13-B5 1V13-B5
Table 1V.13 — Solid Unit Masonry and Solid Concrete Walls (ForCz1, V14-D9  IV14-D9
Table IV.14 — Effective R-values for Interior or Exterior Insulation 16, the mass 3.5 IV12-C10 1V12-C10
Layers Added to Structural Mass Walls %\W 69 IV12-C10 IV12-C10  IV13-B5
combined  2.10-13  IV12-C10 Ivi2-c1o 1V14-D9
with furring 14, 15 IV12-C10 [V12-C10
from 1V14.)
&
Table 1V.12 — Properties of Hollow Unit Masonry Walls Heavy mass 1,16 IV12-A9 IV12-A9
Table 1V.13 — Properties of Solid Unit Masonry and Solid Concrete  (For CZ 1 V14-A6  IV14-A6
Walls 16, the mass 3.5 IV12-A9  [V12-A9
Table 1V.14 — Effective R-values for Interior or Exterior Insulation :ﬂwezf'fw 6-9 IV12-A10 IV12-A10 n.a.
Layers Added to Structural Mass Walls coTbliied 2 1013 V12A9  IVA12-A9
with furring 14,15 IV12-C9  1V12-C9
from IV14.)
Table 1V.9 — Wood Framed Walls Wood 1,16 1V9-A3 IV9-A5
Table 1V.10 —Structurally Insulated Wall Panels (SIPS) framingand 3.5 IV9-A2 IV9-A2
Table 1V.16 — Thermal Properties of Log Home Walls Other 6-9 IV9-A2 IV9-A2 IV9-A3
Table 1V.17 — Thermal and Mass Properties of Straw Bale Walls 2.10-13 V9-A3 V9-A3
14,15 1IV9-A3 IV9-A3
Roofs Table IV.1 — Wood Framed Attic Roofs (Standard Framing) All 1,16 IV3-A5 IV3-A9
Table IV.2 — Wood Framed Attic Roofs (Advanced Framing) 3-5 IV3-A5 IV3-A5
Table 1V.3 — Wood Framed Rafter Roofs 9 V3-A2 IV3-A5
Table 1V.4 — Structurally Insulated Panels (SIPS) Roof/Ceilings 2.10-13 V3-A5 V3-A9 IV3-A5
Table 1V.5 — Metal Framed Rafter Roofs
Table IV.6 — Metal Framed Roofs with Attics 14,15 IV3-AS  IV3-A9
Table V.7 — Standard U-factors for Metal Building Roofs
Table 1V.8 — Suspended Ceiling with Removable Ceiling Panels
Floors Table V.23 — Concrete Raised Floors Medium or 1,16 IV23-A5  1V23-A5
heavy mass 3-5 IV23-A3  IV23-A3
6-9 IV23-A3 1V23-A3  IV19-A4
2,10-13 IV23-A5 IV23-A5
14,15 IV23-A3  IV23-A5
Table 1V.18 — Wood-Framed Floors with a Crawl Space Other 1,16 IV19-A4 IV19-A4
Table 1V.19 — Wood Framed Floors without a Crawl Space 3-5 IV19-A2  IV19-A2
Table 1V.20 — Wood Foam Panel (SlP) Floors 6-9 IV19-A2 IV19-A2 IV19-A4

Table 1V.21 — Metal-Framed Floors with a Crawl Space
Table 1V.22 — Metal-Framed Floors without a Crawl Space

2,10-13 IV19-A2  IV19-A2
14, 15 IV19-A2  IV19-A2
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2.3.2.1 Construction Identifiers

Deseription:

All constructions are selected from ACM Joint Appendix IV. Each construction is referenced by the table
number and the column and row in the table.

2.3.2.2 Heat Capacity

Description

DOE-2 Commands
DOE-2 Keyword(s)

Input Type

Tradeoffs

Modeling Rules for
Proposed Design

Usertnput:

Modeling Rules for
ReferenceStandard

The ability of a construction assembly to absorb thermal energy. The heat capacity,
HC, of an assembly is calculated by using the following equation:

n

Equation N2-2.-14 HC = Z (pixcixty)
-1

where:

n is the total number of layers in the assembly
pi is the density of the i layer

C; is the specific heat of the i" layer

t s the thickness of the i" layer

all in consistent units.

HC is not an input to the reference program, nor is it used in the calculations. It is
used, however to determine if a wall is medium mass or heavy mass or if a floor is
medium or heavy mass. HC is reported in ACM Joint Appendix 1V for wall
construction assemblies, so it is qenerallv not necessary to use the above equatlon to
calculate HC. -

LAYERS, MATERIAL

DENSITY
SPECIFIC-HEAT
THICKNESS

HC is determined by the construction assembly choices for the proposed design.
Each mass wall choice from ACM Joint Appendix IV has an HC value associated with

it. Required:

Neutral

The ACM shall determine ealeulate-the overall heat capacity from the users choice of
a constructlon assembly from ACM J0|nt Append|x V. aeeerdmg494h&abeve49r—mu4&

Design (All):
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2.3.2.3 2.2.1.4-AbsorptanceSolar Reflectance and Thermal Emittance

Description

DOE-2 Commands
and Keywords

Input Type
Tradeoffs

Modeling Rules for
Proposed Design:

The combination of solar reflectance and thermal emittance are the reflective and
radiative properties of exterior surfaces. A cool roof, as defined in the Standards,
has a minimum initial solar reflectance of 0.70 and minimum initial emittance of
0.75, but with the performance method any combination of reflectance and
emittance is recognized for credit or penalty.

e Absorptance is tThe fraction of the incident solar radiation absorbed as heat on
the construction assembly’s opaque exterior surface.

¢ Reflectance is the fraction of incident solar radiation that is reflected.
Reflectance plus absorptance equal one.

e Thermal emittance is the ratio of radiant heat flux emitted by the construction
assembly’s opaque exterior surface to that emitted by a blackbody at the same
temperature, hereafter referred to as “emittance.”

CONSTRUCTION ABSORPTANCE ..
EXTERIOR-WALL OUTSIDE-EMISS ..

Note that absorptance is equal to 1 — reflectance. The reference method accepts
absorptance, but not reflectance.

Required for roofs. Default for other surfaces. Default

Yes for roofs. No for other surfaces¥es

The reference method shall use an aged absorptance value to model the proposed
design roof. The ACM shall calculate the aged absorptance, oaged. from the
following equation:

Equation N2-2 Qlaged. = 0.8 + 0.7 (anit — 0.8)

where aunitis the initial absorptance of the roofing product. The aged emittance shall
be equal to the initial emittance.

There are two compliance cases, one for nonresidential roofs with low-slopes and
the second for other nonresidential roofs, high-rise residential and hotel/motel roofs.

If values for reflectance or emittance other than the defaults are used, the roofing
material shall be rated by the CRRC. If a non-default reflectance is used, then the
default emittance may not be used.

Non-residential low-slope roofs - continuance variation of absorptance and
emittance may be entered if the roofing product is rated by the CRRC and for liquid
applied coatings if the requirements in Section 118 (i) 3 are met. The default value
for roofs that are not rated by the CRRC or do not meet the requirements of Section
118 (i) 3 is 0.9 initial absorptance and 0.75 emittance for non-metallic surfaces and
0.20 for metallic surfaces, including but not limited to bare metal, galvanized steel
and aluminum coating.

Other nonresidential roofs, high-rise residential and hotel/motel roofs - roofs
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that meet the requirements of Section 118 (i) 3 qualify for a compliance credit.
Qualifying cool roofs shall model an initial absorptance of 0.30. Nongualifying roofs
shall use a default absorptance of 0.7. The default value for roofs that are not rated
by the CRRC or do not meet the requirements of Section 118 (i) 3 is 0.75 emittance
for non-metallic surfaces and 0.20 for metallic surfaces, including but not limited to
bare metal, galvanized steel and aluminum coating.

T Crncarnco

——* Accelerated Weathering

The default values below shall be used for walls and floors and shall be the same as
for the standard design.

Default The default initial reflectance is 0.10 for nonresidential buildings with a low-slope
roof and 0.30 for other roofs, including all high rise residential and hotel/motel guest

rooms. The default emittance is 0.75. This default may not be used if a non-default
reflectance is used.
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Modeling Rules for
ReferenceStandard

The reference method shall use an aged absorptance value to model the standard
design.

Design (All):

Nonresidential low-sloped roofs , the initial roof absorptance of the standard
design shall be 0.30 (initial reflectance of 0.70). The emittance in the standard
design shall be 0.75.

Other nonresidential roofs, high-rise residential and hotel/motel roofs - the
initial roof absorptance of the standard design shall be 0.70. The emittance in the
standard design shall be 0.75.

For all other roofs as well as walls and floors, the default reflectance and emittance
shall be used.
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2.3.2.4 Composite Walls

Description

DOE-2 Command
DOE-2 Keyword(s)
Input Type
Tradeoffs

Modeling Rules for
Proposed Design:

Modeling Rules for
ReferenceStandard

Exterior wall assemblies that consist of more than one class of construction, i.e. any
combination of wood framing, steel framing, masonry, and other types of wall
construction assemblies. An example of a composite wall made up of a masonry
section and a steel-framed section is shown below:

Metal-framed
Wiall
Height
l Brick
L Wall Width -

EXTERIOR-WALL
LAYERS

Required

Yes

The ACM shall model each type of construction in a composite wall shown in the
construction documents as described above. The composite wall shall consist of
multiple selections from ACM Joint Appendix IV, with each assigned an area.

Each part of the composite wall has a standard design construction which is defined

in Table N2-1. E%eaeh%enstrueﬂen—typ&eﬂh&eempeste—waﬂ—AGMs—sha#use%he

Design (New &
Altered Existing):

Modeling Rules for

ReferenceStandard

Design (Existing
Unchanged):

The standard design shall model each existing composite wall as it occurs in the
existing building using the procedure described above. The existing construction

assemblies shall be selected from ACM Joint Appendix IV.

Required ACM Capabilities
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2:2.22.3.3 Above-Grade Opaque Envelope

2.3.3.1 Exterior Partitions

Description: Above-grade exterior partitions that separate conditioned spaces from the ambient
air_(outdoors), unconditioned attic spaces and crawl spaces, or courtyards;-ef

unconditioned-spaces-thatare-not-enclosed. Exterior walls, raised floors, roofs, and

ceilings are exterior partitions.

The area of exterior partitions is defined by specifying the width of the partition and
a height equal to the total height of the floor_or by using another acceptable means
such as specifying the vertices of a polygon.

DOE-2 Command EXTERIOR-WALL

DOE-2 Keyword(s) HEIGHT, WIDTH

Input Type Required

Tradeoffs Neutral

Modeling Rules for Fer-eEach exterior partition ef-each-floor-ACMs-shallreceive-inputsfor-the-height
Proposed Design: and-width-as-they-shall be entered as it occurs in the construction documents.

Modeling Rules for Exterior partitions in tFhe standard design shall medel-each-exteriorpartition-with

ReferenceStandard the-same-height-and-width-as-be identical to the proposed design.
Design (All):

2.3.3.2 Insulation Above Suspended Ceilings

Description Section 118(e)3. of the Standard restricts the use of insulation over suspended
ceilings. This is permitted only when the unconditioned space above the ceiling is
greater than 12 ft and the insulted space shall be smaller than 2,000 ft2.

Proposed Design The proposed design may only use insulation over a suspended when the space
qualifies for the exception to 118(e)3. The U-factor for the construction shall be
selected from Table V.8 from ACM Joint Appendix IV. Values from this table
account for leakage through the suspended ceiling and discontinuity of the
insulation.

Standard Design The standard design roof construction shall be determined from Table N2-1, based
on climate zone and class of construction. .

2.3.3.3 Surface Azimuth and Tilt of Exterior Partitions

Description: The direction of an outward normal projecting from the partition’s exterior surface
relative to the true north. Positive azimuth is measured clockwise from the true
north. Note: openings (doors and windows) inherit their azimuth and tilt from the

parent surface.
DOE-2 Command EXTERIOR-WALL
DOE-2 Keyword(s) AZIMUTH
TILT
Input Type Required
Tradeoffs Neutral
Modeling Rules for The aAzimuth and tilt of each exterior partition shall be input as shown in the
Proposed Design: construction documents for the building to the nearest whole degree.

Modeling Rules for The azimuth and tilt of each-exterior partltlons in the standard design shaII be
ReferenceStandard identical to those
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Design (All): in the proposed design.
D intion: Inclinati ¢ T . ‘ ; . L
DOE-2 Command EXTERIOR-WALL

2.3.4 Interior Surfaces

2.3.4.1 Demising Partitions

Description A barrier that separates a conditioned space from an enclosed unconditioned space.
“Party walls” separating tenants, a partition separating a conditioned space from an
unconditioned warehouse, and a glass partition separating a conditioned space from
an unconditioned sunspace are examples of demising partitions.

DOE-2 Command INTERIOR-WALL
DOE-2 Keyword(s) HEIGHT
WIDTH
AZIMUTH
TILT
NEXT-TO
Input Type Required
Tradeoffs Neutral

Modeling Rules for The reference-proposed design shall model demising partitions as adiabatic interior
Proposed Design: partitions. No heat transfer shall occur between the two adjacent spaces.

ACMs mustshall require the user to input information for each demising partition
including orientation and tilt, location, size, shape and construction as they occur in

the construction documents. Window-Managementshall-notbe-meodeled-for

ACMs shall indicate in the compliance forms that demising partitions are used to
separate the conditioned space from the unconditioned space. For framed demising
partitions in a new construction, the compliance forms shall also indicate that R-11
insulation mustshall be installed.

Modeling Rules for The standard design shall model each demising partition with the same thermal
ReferenceStandard characteristics, orientation and tilt, location, size, shape and construction as the
Design (All): proposed design.

Required ACM Capabilities
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2.3.4.2 Interzone Walls

Description: The reference method shall model heat transfer through interior walls separating
directly conditioned zones from other directly and indirectly conditioned zones as air
walls. The reference program accounts for the thermal mass of interior walls as
described in Section 2.23.2.13.

DOE-2 Command INTERIOR-WALL
DOE-2 Keyword(s) WIDTH
HEIGHT
NEXT-TO
Input Type Prescribed
Tradeoffs Neutral
Modeling Rules for ACMs shall receive inputs for the width and height (or area) of all interzone walls as
Proposed Design they occur in the construction documents. The reference program shall model
interzone walls as air walls with zero {8)-heat capacity and an overall U-factor of 1.0
Btu/h-ft>-°F.
Modeling Rules for The reference method models all interzone walls as they occur (and as they are
ReferenceStandard modeled) in the proposed design.
Design (All):

2.3.4.3 —Interior Floors

Description: The reference method shall model heat transfer through interior floors separating
directly conditioned zones from other directly and indirectly conditioned zones.
DOE-2 Command INTERIOR-WALL
DOE-2 Keyword(s) WIDTH
HEIGHT
NEXT-TO
Input Type Required
Tradeoffs Neutral
Modeling Rules for ACMs shall receive inputs for the-all interior floors as they occur in the construction
Proposed Design: documents.
Modeling Rules for The reference method models all interior as they occur (and as they are modeled) in
ReferenceStandard the proposed design.
Design (All):

2.3.5 Fenestration and Doors

2.3.5.1 Area of Fenestration in Walls & Doors

Description: Fenestration surfaces include all glazing in walls and vertical doors of the building.
The following inputs mustshall be received.

e Fenestration Dimensions. For each glazing surface, all ACMs mustshall receive
an input for the glazing area. The reference method uses window width and
height. The glazing dimensions are those of the rough-out opening for the
window(s) or fenestration product. The area of the fenestration product will be
the width times the height. For fenestration products with glazing surfaces on
more than a single side such as garden windows, the ACM mustshall be able to
accept entry for the dimensions of each side (glazing plus frame) with
conditioned space on one side and unconditioned space on the other.

Required ACM Capabilities
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e Field Fabricated Fenestration. The area of field-fabricated fenestration cannot
exceed 1,000 ft> when the building has more than 10,000 ft2 of fenestration;
buildings with more than 1,000 ft? do not comply. Also the use of less than
10,000 ft* of site-built fenestration in a building with more than 10,000 ft? of
fenestration shall be reported in the exceptional conditions checklist.

e Display Perimeter. In a secondary menu (subordinate to the menu for
fenestration area entries), the ACM mustshall allow the user to specify a value
for the length of display perimeter, in feet, for each floor or story of the building.
The user entry for Display Perimeter mustshall have a default value of {8)-zero. |
Note: Any non-zero input for Display Perimeter is an exceptional condition that
mustshall be reported on the PERF-1 exceptional condition list and mustshall be |
reported on the ENV forms. The value for Display Perimeter is used as an
alternate means of establishing Maximum Wall Fenestration Area in the
standard design (Title 24, §143). As-defined-in-Section104H(b)-ofthe |
Standards;-dDisplay perimeter is: the length of an exterior wall in a B-2
occupancy that immediately abuts a public sidewalk, measured at the sidewalk
level for each story that abuts a public sidewalk.

e  Floor Number. The ACM mustshall also allow the user to specify the Display |
Perimeter associated with each floor (story) of the building.

DOE-2 Command WINDOW
DOE-2 Keyword(s) WIDTH

HEIGHT
Input Type Required
Tradeoffs Yes
Modeling Rules for ACMs shall receive inputs for the proposed design fenestration width and height as
Proposed Design: they are documented on the construction documents.
Modeling Rules for The reference method calculates the maximum allowed fenestration area. This
ReferenceStandard Maximum Wall Fenestration Area is 40% of the gross exterior wall area of the
Design (New & building that is conditioned when display perimeter is not specified. Also, the
Altered Existing): Maximum Wall Fenestration Area of the west-facing wall is 40% of the gross exterior

west-facing wall area of the building that is conditioned when display perimeter is
not specified.

If Display Perimeter is specified, the Maximum Wall Fenestration Area is either 40%
of the gross exterior wall area of the building, or six feet times the Display Perimeter
for the building, whichever value is greater. Also, if Display Perimeter is specified,
the Maximum Wall Fenestration Area of the west-facing wall is 40% of the gross
exterior west-facing wall area of the building, or six feet times the west-facing
Display Perimeter for the building, whichever value is greater.

The reference method automatically calculates these two maximum fenestration
areas for fenestration in walls and uses the greater of the two for the maximum total
glazing area_and maximum west facing glazing area of the reference building.

1. When the Window Wall Ratio in the proposed design is < 0.40 or < display
perimeter x 6 feet, the standard design shall use the same wall fenestration
height and width for each glazing surface of the proposed design exterior wall.

2. When the proposed design area of fenestration in walls and doors is greater
than the maximum wall fenestration area described above, ACMs shall adjust
the height and width of each glazing surface by multiplying them by a fraction
equal to the square root of:
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Maximum Allowed Wall Fenestration Area/Total Proposed Fenestration Area.

For the standard design the area of each exterior wall construction shall equal the
area of each exterior wall of the proposed design, except when the wall area of the
proposed design exceeds the maximum allowable window-to-wall ratio (WWR).
There are three cases, when the proposed design glazing exceeds the maximum
allowable window-to-wall ratio (WWR), which shall be accounted for:

1. One Wall Construction. If the window occurs in a portion of wall where it abuts
only one construction, the ACM shall decrease the glazing area to the allowable
maximum and increase the area of the wall accordingly.

2. Multiple Wall Constructions. If the window occurs in a portion of wall where it
abuts more than one construction in a given orientation, the ACM shall increase
the area of each adjacent wall construction by the same proportion, as glazing
area decreases.

3. Propose WWR = 1.0. If the Window-to-Wall Ratio, WWR, for any orientation or
exterior surface is 1.0, the ACM shall calculate the area weighted average
(AWA) HC for all of the walls of the proposed design to determine an HC for the
hypothetical wall. The glazing amount is reduced and a wall is inserted as
follows:

a) AWA HC < 7.0 Btu/ft>-°F: The standard assembly is a steel-framed,
lightweight wall with HC = AWA HC of the proposed walls and with a U-
factor matching the requirement listed in Table 143-A, 143-B, or 143-C of
the Standards for other walls with HC < 7.0 and the applicable climate zone.

b) AWA HC >7.0 Btu/ft’>-°F: The standard assembly is a homogeneous
material with a U-factor matching the applicable value listed in Table 143-A,
143-B, or 143-C of the Standards for the applicable HC range and climate
zone and the same HC as the proposed AWA HC.

Modeling Rules for The standard design shall use the same fenestration area as the existing design.
ReferenceStandard

Design (Existing

Unchanged):

D intion: Ratio-of Lwind | . " _

Required ACM Capabilities




2005 Nonresidential ACM Manual, Express Terms, 45-Day Language

Exist
Unchanged):

2.3.5.2 Area of Fenestration in Exterior Roofs

Description

DOE-2 Command
DOE-2 Keyword(s)

Input Type
Tradeoffs

Modeling Rules for
Proposed Design:

Modeling Rules for
ReferenceStandard
Design (New &
Altered Existing):

ACMs mustshall model the exposed surface area of fenestration in roofs separating
those with transparent and translucent glazing. Such fenestration surfaces include
all skylights or windows in the roofs including operable skylights and windows in the
roofs of the building.

ROOF

WIDTH
HEIGHT

Required
Yes

ACMs shall receive inputs for width, length and height of each fenestration surface
of the proposed design as they are shown in the construction documents._Surface
area may also be described as vertices of a polygon.

ACMs mustshall calculate the maximum allowed area of fenestration in roofs. This
Maximum Roof Fenestration Area is 5% of the gross exterior roof area of the entire
permitted space or building.

1.  When the Skylight Roof Ratio (SRR) in the proposed design is < 0.05, for each
roof fenestration, the standard design shall use the same skylight dimensions as
the proposed design.

EXCEPTION: When skylights are required by Section 143(c) (low-rise
conditioned or unconditioned enclosed spaces that are greater than 25,000 ft?
directly under a roof with ceiling heights greater than 15 ft and have a lighting
power density for general lighting equal to or greater than 0.5 W/ft*) and the
SRR in the proposed design is less than the minimum, the standard design shall
have a SRR of 0.03 for LPD < 1.0 W/ft> and 0.036 for LPD > 1.0 W/ft*in one half
of the area of qualifying spaces.

2. When the Skylight Roof Ratio in the proposed design is > 0.05, the ACM shall
adjust the dimensions of each roof fenestration of the standard design by
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Modeling Rules for
RefereneceStandard
Design (Existing
Unchanged):

2.3.5.3 Exterior Doors
Description:

DOE-2 Command

DOE-2 Keyword(s)

Input Type
Tradeoffs

Modeling Rules for
Proposed Design:

Modeling Rules for
ReferenceStandard
Design (All):

multiplying them by a fraction equal to the square root of:

Equation N2-3

SRRstandard/SRRproposed

The standard design shall use the same fenestration area as the existing design.

Doors in exterior partitions.
DOOR

WIDTH
HEIGHT
SETBACK
MULTIPLIER

Required.
Neutral

Users shaII make a selectlon from ACM Jornt Appendlx IV Other mputs shall include

eharaetenenes—errentatrenaand—tm—leeaneeaﬂd—the area fer—aH—of each door and its
position in the parent surface. Azimuth and tilt are typically inherited from the parent

surface. s-as-they-oceurin-the-construction-documents:

The reference method shall model the standard—extenor doors in @ manner identical to

proposed design.

2.3.5.4 Product Identifiers

Description:

fenestration product. Separate identifiers shall be used to refer to proposed and

standard designs of the same fenestration product.

Each product shall be categorized as a manufactured fenestration product, a site-
built fenestration product, or a field-fabricated fenestration.

Any transparent or translucent material plus any sash, frame, mullions, and dividers,
in the envelope of a building, including, but not limited to: windows, sliding glass
doors, French doors, skylights, curtain walls, and garden windows.

Windows include not only common windows but also all fenestration products in the
walls of the building envelope. Examples of such fenestration products include all
windows and glazing materials, glass block walls, translucent panels, and glass
doors. Walls are portions of the building envelope with tilts from vertical to less than
30 degrees from vertical.
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DOE Keyword:
Input Type:

Tradeoffs

WINDOW
Required

Yes

2.3.5.5 Fenestration Orientation and Tilt

Description:

Modeling Rules for
Proposed Design:

Modeling Rules for

ReferenceStandard

Design (All):

The reference method models the actual azimuth (direction) and surface tilt of
windows and skylights (fenestration products) in each wall and roof surface. In the
reference method, these window properties are inherited from the parent surface in
the reference method.

DOE Keyword:
Same-as-EXTERIOR-WALL

Input-Type:
Required
Tradeoffs:
Neutral

Azimuth and surface tilt of each glazing surface shall be input as they occur in the
construction documents.

Azimuth and surface tilt of each glazing surface shall be the same as they occur in
the proposed design.

2.3.5.6 Fenestration Thermal Properties

Description:

DOE-2 Command
DOE-2 Keyword(s)

ACMs shall model the overall U-factor and Solar Heat Gain Coefficient (SHGC) for
each fenestration assembly, including inside and outside air films and effects of
framing, spacers and other non-glass materials as applied to the full rough-out
fenestration area. ACMs shall require the user to indicate the source of the U-factor
and SHGC: Acceptable sources are NFRC label values, default values from Tables

116-A and 116-B, or aIternate default values from the ACM Appendlx Eer

In this Section the word “Window” is used to refer to fenestration_in a surface that
has —A-herizontal window-with-a tilt efup-te-greater than 60 degrees from the

horizontaltatis-a-skylight.
WINDOW

FRAME-CONDUCTANCE
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FRAME-WIDTH

FRAME-ABS
Input Type Required
Tradeoffs Yes

Modeling Rules for The reference program uses a FRAME ABSORPTANCE of 0.70.
Proposed Design:

ACMs shall receive inputs for or determine the default for the U-factor and SHGC of
each fenestration product of system in the proposed design.

NFRC label values are allowed for all fenestration categories. If the user selects
“NFRC labeled values” for a particular fenestration product, the ACM shall receive
values for the U-factor and SHGC. Use the following rules:

e For manufactured windowsvertical fenestration, the default values shall be the

U factor and SHGC Ilsted in Table 116 A and Table 116-B of the Standard-

e For site-built fenestrat|on products assembled—v%eal—g#aaﬂguln buildings with
nd-10,000 square feet

or more of S|te built fenestrahonvertrea#g#azmgﬁr—g#eater ACMs-musteither
use-the default values shall be the U-factor and SHGC listed in Tables 4-D-116-

Aand 4-E116-B of the Standards-oruse-NFRCratingsforsite-builtfenestration.

o For site-built fenestration products -assembled—vertical-glazing-in buildings
uhder100,000-square-feet-of conditioned-floerarea-or-with less than 10,000
square feet of site-built fenestration, the default values shall be -vertical-glazing;
ACMs-must-determine-the alternate default U-factor and SHGC using
procedures-and-the defaults and calculations specified in ACM Appendix NI or
the U-factor and SHGC listed in Table 116-A and Table 116-B of the Standard.;

NERG rafinas for it builkh .

e For skylights, ACMs-must-determine-the default values shall be the alternate
default U-factor and SHGC using precedures-and-defaults calculations specified
in Appendix NI_or the U-factor and SHGC listed in Table 116-A and Table 116-B
of the Standard. ;—eruse NFRCratings-for site-built fenestration-The reference
program-usesaFRAME-ABSORPTANCE of 0-70-

e For field-fabricated fenestration, the default values shall be the U-factor and
SHGC listed in Tables 116-A and 116-B of the Standard. The use of this field
fabricated fenestration or field-fabricated exterior doors is an exceptional
condition that shall be reported in the exceptional conditions checklist.

Modeling Rules for ACMs shall use the appropriate "Maximum U-factor " and RSHG or SHGESHGC for
ReferenceStandard the window as appropriate from Tables +-H-and-1-+-143-A, 143-B, and 143-C of the

Design (New & Standards including the framing according to the occupancy type and the climate
Altered Existing): zone. The reference-designstandard design uses a FRAME ABSORPTANCE of
0.70.

Modeling Rules for The standard design shall use the existing design’s U-factor and SHGC or RSHG as
ReferenceStandard appropriate including the framing. -The reference-desighstandard design uses a
Design (Existing FRAME ABSORPTANCE of 0.70.

Unchanged):

2.3.5.7 Solar Heat Gain Coefficient of Fenestration in Walls & Doors

Description: The reference method models the solar heat gain coefficient (SHGC) of glass
including the framing, dividers, and mullions. The shading effects of dirt, dust, and
degradation are purposely neglected and an ACM user may not adjust solar heat
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DOE Keyword:
Input Type:
Tradeoffs:

Modeling Rules for
Proposed Design:

Modeling Rules for
ReferenceStandard

gain coefficients because of these effects. The ACM user's manual mustshall reflect
these restrictions on user entries.

If the user has specified Display Perimeter, ACMs may also receive an inputin a
subordinate menu for the Relative Solar Heat Gain (RSHG) requirement except for
cases where local building codes prohibit or limit the use of overhangs or exterior
shading devices. The use of this RSHG exception input is itself an exceptional
condition that mustshall be reported in the exceptional conditions checklist of the
PERF-1 form.

SHADING-COEF
Required
Yes

Fenestration solar heat gain coefficient (SHGC) for each fenestration surface shall
be input as it occurs in the construction documents for the building. ACMs that
require inputting shading coefficient (SC) instead of SHGC shall calculate the
fenestration’s shading coefficient using the following formula:

Equation N2-4 SCrenestration = SHGC/0.87

SCienestration —SHGC/0-87

Note: This equation is taken from Blueprint #57, dated Fall 1996. Since both SC for
nonresidential buildings and SHGC apply to the entire rough-out opening, the
adjustment for framing and divider has been removed.

ACMs shall use the appropriate maximum RSHG values from Tables4-H-and-1-
{Tables 143-A, 143-B, and 143-C of the Standards according to occupancy, climate

Design (New &
Altered Existing):

Modeling Rules for
ReferenceStandard
Design (Existing
Unchanged):

zone, window wall ratio and orientation as the standard design solar heat gain
coefficient. The maximum RSHG is different for north-oriented glass; for the
purposes of establishing standard design solar heat gain coefficient, north glass is
glass in walls facing from 45° west (not inclusive) to 45° east (inclusive) of true
north.

If the user has claimed the RSHG exception for a section of display perimeter, the
standard design uses the maximum RSHG for north glass found in Fables4-H-and
4-ITables 143-A, 143-B, and 143-C of the Standards for any fenestration surface
utilizing this exception.

The standard design shall use the same RSHG value as the existing design
including the framing.

2.3.5.8 Solar Heat Gain Coefficient of Fenestration in Roofs

Description:

DOE-2 Command
DOE-2 Keyword(s)
Input Type

Tradeoffs

The reference method models the solar heat gain coefficient of the fenestration
including the glass and framing. The shading effects of dirt, dust, and degradation
are purposely neglected and an ACM user may not adjust solar heat gain
coefficients because of these effects. The ACM user's manual mustshall reflect
these restrictions on user entries.

SHADING-COEF
Required

Yes
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Modeling Rules for
Proposed Design:

Modeling Rules for
ReferenceStandard
Design (New &
Altered Existing):

Modeling Rules for
ReferenceStandard